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Traditionally, surgical mortality rates have been
reported from a single institution experience, a vol-
untary vascular surgical registry, or a Medicare data-
base. These studies have shown uniformly that mor-
tality rate is inversely related to surgeon and hospital
volume.1-5 In general surgery, surgeons with high
volumes who perform thyroidectomies have better
results than do surgeons with low volumes.6 For
patients who undergo pancreatic resections for can-
cer, hospital volume rather than surgeon volume is a
more important determinant of outcome.7 In our
own study with a California discharge database, we
found that hospital volume played an important role
in determining outcome. For patients who under-
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went repair of nonruptured aneurysms, the mortali-
ty rate was significantly lower in hospitals with high-
er volumes. Unfortunately, this database did not link
the patient to a specific surgeon. In those studies in
which the surgeon is identified, there are conflicting
data regarding outcome. However, surgeons with
high volumes have better outcomes for ruptured
aneurysms and carotid endarterectomies.1,4,8,9
Furthermore, surgeons with a greater proportion of
their practice in vascular surgery had better out-
comes.1 Added certification in vascular surgery has
not been assessed.
Although CEAs and abdominal aneurysm repairs
have been studied extensively, there is little in the lit-
erature to suggest that surgical volume either by sur-
geon or by hospital is important in determining out-
come after lower extremity bypass grafting proce-
dures. In Dr Hertzer’s presidential address,10 he
refers to the experience of the Cleveland Vascular
Registry. Surgeons with greater volumes of lower
extremity bypass grafting procedures had better out-
comes, with fewer amputations than those surgeons
with low volumes.10
The purpose of this study was to determine the
role of surgeon volume and training on outcome after
common operations in vascular surgery: carotid
endarterectomy (CEA), lower extremity bypass graft-
ing (LEAB), and repair of an unruptured abdominal
aortic aneurysm (AAA). In addition, this study would
provide data regarding vascular surgical manpower. A
previous study from the Society for Vascular Surgery
and the International Society for Cardiovascular
Surgery suggested that 51% of all vascular procedures
performed are performed by “vascular surgeons.”11 A
statewide database that identifies surgeon characteris-
tics provided a more accurate estimation of the total
proportion of vascular surgical procedures performed
by certified vascular surgeons. Furthermore, this
study would provide data regarding trends in man-
power requirements to estimate future demands.
METHODS
The records for all Florida nonfederal hospital dis-
charges from 1992 to 1996 were obtained from the
Florida Agency for Health Care Administration. The
Florida data set was selected because it allows the
identification of surgeons through either medical
license number or Medicare Unique Physician
Identification number. The data set was reviewed for
errors with standard computer software to avoid gross
errors and lack of data. No on-site audit was per-
formed. The discharge records included both the
attending physician and the surgeon identifiers. 
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Only the first-listed International Classification of
Diseases (ICD)–9–Clinical Modification procedure
code was used to characterize each discharge as a pri-
mary CEA (38.12), LEAB, which included both aor-
toiliac (39.25) and femoropopliteal and tibial artery
bypass grafting procedures (39.29), or unruptured
(441.4) AAA (38.34, 38.44) procedure. Secondary
ICD-9 diagnosis codes were used to determine the
incidence rates of nonfatal myocardial infarctions
(MIs; 410) or strokes (430,431), which were
assumed to be perioperative, rather than present on
admission. This strategy was used because it would be
unusual to perform any operation in the presence of
an acute mycardial infarction. This methodology has
been used previously by Holloway et al12 and others
to determine perioperative MI rates.13 In-hospital
death rates were determined from discharge status
coding. Similarly, all acute strokes were considered to
be perioperative complications for the same reason.
CEA in the setting of an acute stroke is uncommon.
However, the total stroke rate may be slightly inflated
as a result of this strategy. The surgeon identifiers
from each procedure were linked through the Florida
Agency for Health Care Administration web site to
the American Board of Medical Specialties identifiers
to determine vascular surgery certification.
The independent variables that were used to pre-
dict patient outcome for each procedure included year
of discharge (to control for any temporal trends in
patient outcomes during the study period), length of
stay (to control for potential differences in time from
admission to death or complication), patient age, sex,
and emergency admission status. Patient race was
missing for a large proportion of admissions and was,
therefore, not included in the analysis. In addition to
patient factors, hospital bed size, teaching status, and
ownership characteristics (for profit, not for profit,
religious, and government) were derived from
American Hospital Association data. Admissions from
each hospital and each attending surgeon were count-
ed to produce annual surgeon and hospital volume
variables for each of the three types of procedures. If
a surgeon operated at multiple hospitals, the total
experience was reported as the surgeon’s volume.
The data that related hospital bed size, hospital
procedure volume, and surgeon volume to outcome
were plotted, and a curve was constructed that best
matched these data. These variables were found to be
logarithmically rather than linearly distributed, and
their statistical significance was, therefore, tested as
the natural log of volume statistics. The results were
expressed as the change in risk with the doubling of
hospital or surgeon volume. The significance of the
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univariate associations between independent vari-
ables and the incidence rates of nonfatal MI, stroke,
or death was tested with the t test for continuous
variables and the c 2 test for categorical variables.
Multiple logistic regression then was used to test the
significance and determine the relative risk associated
with vascular surgery certification, surgeon volume,
and hospital volume while simultaneously controlling
for the effects of all other covariates.
No severity of illness adjustment was attempted
because no classification system has yet been found
to be capable of distinguishing iatrogenic complica-
tions from chronic disease comorbidities for patients
who undergo these vascular procedures.14 It also is
recognized that outcome biases exist in secondary
diagnosis ICD-9 coding.15 To determine the sensi-
tivity of regression models to this phenomenon, a
secondary diagnosis of diabetes was tested. Finally,
to test the sensitivity of volume results to surgeon
identifier miscodes, analyses also were run with and
without the exclusion of surgeons with only a single
discharge for a given procedure in a given year.
RESULTS
Surgeons and hospitals. Table I displays the
number of Florida hospitals and the vascular surgeons
(board certified and other) who performed each pro-
cedure in each year of the study period. The number
of board-certified vascular surgeons who performed
each procedure rose from the mid 40s in 1992 to
about 60 for each procedure in 1996. This increase
contrasts with a reduction in non-boarded surgeons
from 781 performing CEAs, 728 performing LEABs,
and 564 performing aortic procedures in 1992 to
622, 541, and 442, respectively, in 1996. The num-
ber of hospitals in which each procedure was per-
formed decreased slightly (8 to 12 fewer institutions
in 1996 than in 1992) during the period.
Sample characteristics by procedure. Table II
presents the frequency/percent and median/interquar-
tile range statistics for all independent variables and in-
hospital outcomes by each procedure category. A total
of 45,744 primary CEA procedures, 31,172 LEAB
procedures (25% of which were aortoiliac and the rest
femoropopliteal and distal), and 13,415 AAA proce-
dures were performed during the 5-year study period.
Hospital bed size, hospital volume, and surgeon
volume statistics are presented with statistical results
for the relationship of the log of bed size and volume
variables to outcome. There were only 37 CEA deaths
(0.8%), but 1.4% of all CEA admissions included new
MI codes and 6.0% strokes. A total of 6.5% of all the
CEA discharges from 1992 to 1996 thus involved
either death, nonfatal MI, or stroke. The death rate
for LEAB procedures was 3.3%: a total of 5.1% of
LEAB admissions involved death, nonfatal MI, or
stroke. The AAA death rate was 5.7%, with an overall
AAA adverse outcome rate of 7.0% (MI, death, cere-
brovascular accident [CVA]).
The median annual surgeon volume was 32
CEA, 21 LEAB, and 9 AAA admissions for all the
attending surgeons in the sample: 22% of CEAs, 25%
of LEABs, and 18% of AAA procedures were per-
formed by certified vascular surgeons. The median
annual hospital volume was 102 CEA, 60 LEAB,
and 32 AAA admissions.
The univariate statistical results in Table II indicate
that the proportion of admissions with in-hospital
deaths or complications was significantly lower from
1994 to 1996 than in 1992 for CEA but only became
Table I. Number of hospitals and surgeons with vascular surgery certification by type of surgery and year
Type of surgery 1992 1993 1994 1995 1996
CEA
No. of hospitals 165 161 156 159 157
No. of surgeons 829 647 838 671 684
With certification 48 (6%) 53 (8%) 57 (7%) 60 (9%) 62 (9%)
Without certification 781 (94%) 594 (92%) 581 (93%) 611 (91%) 622 (91%)
LEAB
No. of hospitals 174 170 169 161 161
No. of surgeons 777 648 630 590 604
With certification 49 (6%) 57 (9%) 59 (9%) 60 (10%) 63 (10%)
Without certification 728 (94%) 591 (91%) 571 (91%) 530 (90%) 541 (90%)
AAA repair (nonruptured)
No. of hospitals 162 157 158 150 150
No. of surgeons 609 540 504 500 502
With certification 45 (7%) 51 (9%) 58 (12%) 53 (11%) 60 (12%)
Without certification 564 (93%) 489 (91%) 446 (88%) 447 (89%) 442 (88%)
CEA, Carotid endarterectomy; LEAB, lower extremity bypass grafting; AAA, abdominal aortic aneurysm.
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significantly lower in 1995 for LEAB and 1996 for
AAA procedures. There was no difference in adverse
outcomes between male and female patients for CEA,
but men had significantly better outcomes for LEAB
and AAA. As expected, older age, longer length of
stay, and emergency admission were significantly asso-
ciated with poorer outcomes for all the procedures.
Hospital bed size was significantly associated with bet-
ter outcomes for CEA but was not statistically signifi-
cant for other procedures. When compared with pri-
vate not-for-profit hospitals, public government hospi-
tals had significantly poorer outcomes for CEA and
AAA procedures (but not for LEAB). For-profit hos-
pitals had significantly better outcomes for CEA, and
religious hospitals had significantly better outcomes
for AAA procedures than did not-for-profit hospitals.
The outcomes at teaching hospitals did not differ sig-
nificantly from the non-teaching institutions, but
higher hospital and surgeon volume variables were
associated with significantly better outcomes for all
three procedures. More infrainguinal procedures
(femoropopliteal and tibial bypass grafting) had signif-
icantly better outcomes than did aortoiliac procedures
for LEAB. Vascular surgery certification was a highly
significant predictor of better outcomes for CEA and
AAA. Volume variables were significant for LEAB:
however, vascular certification was not.
Tables III to V present multiple logistic regression
results for each procedure, including the relative risks
associated with each predictor variable. The multivari-
ate results largely mirror the univariate findings, with
some small differences: age was no longer significant
in the full model of CEA, 1996 outcomes did not dif-
fer from 1992 outcomes for LEAB or AAA, and hos-
Table II. Sample frequencies and median and interquartile range statistics for vascular surgery admissions
in Florida from 1992 to 1996
No. of procedures CEA LEAB AAA
Total procedures 45,744 31,172 13,415
Hospital deaths 37 (0.8%) 1024 (3.3%) 769 (5.7%)
MI 344 (0.8%) 581 (1.9%) 236 (1.8%)
CVA 2375 (5.2%) 171 (0.5%) 30 (0.2%)
Death, MI, or CVA 2988 (6.5%) 1591 (5.1%) 945 (7.0%)
1992 6620 5599 2662
1993 6883 6007 2743
1994 8420† 6316 2611
1995 11,797† 6433† 2654
1996 12,204† 6817† 2745†
Patient characteristics
Male 26,512 (58%) 18,694† (60%) 10,836† (81%)
Age (years) 72† [67,77] 70† [63,77] 72† [67,77]
Emergency admission 4232† (9%) 3052† (10%) 1252† (9%)
Length of stay (days) 3† [2,5] 7† [5,11] 8† [7,12]
ICD-9 (39.25 aortoiliac code) 7016 (23%)†
Hospital type
Not for profit 19,691 (43%) 13,580 (44%) 5747 (43%)
For profit 15,261†(33%) 9691 (31%) 4355 (32%)
Government 4819† (11%) 4136 (13%) 1631* (12%)
Church 5973 (13%) 3765 (12%) 1682* (13%)
Teaching hospital status 8623 (19%) 6770 (22%) 2567 (19%)
Hospital beds‡ 347 [210,486]† 369 [226,512] 369 [226,512]
Surgeon admissions/year‡ 102 [57,158]† 60 [36,101]† 32 [18,46]†
Admissions/year‡ 32 [15,56]† 21 [10,38]† 9 [5,15]†
Vascular surgery certification 9876 (22%)† 7941 (25%) 2683 (18%)†
CEA, Carotid endarterectomy; LEAB, lower extremity bypass grafting; AAA, abdominal aortic aneurysm; MI, myocardial infarction;
CVA, cerebrovascular accident.
Brackets indicate comparison category for statistical tests. The median and interquartile range (in brackets) are used to summarize con-
tinuous data.
*P < .05, for univariate c 2 test or t test results, predicting death, myocardial infarction, or cerebrovascular accident.
†P < .01, for univariate c 2 test or t test results, predicting death, myocardial infarction, or cerebrovascular accident.
‡Indicates a log-transformed variable for statistical analyses: data in table are untransformed.
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pital bed size became marginally significant in the full
AAA regression model. Findings for the relative risks
associated with the log of hospital and surgeon annu-
al volumes can be interpreted as the relative risk for a
two-fold increase in volume. A doubling of surgeon
volume was associated with a 4% reduction in risk for
CEA (P = .006), an 8% risk reduction for LEAB, and
an 11% reduction in risk for AAA (P = .0002).
However, although hospital volume was simultane-
ously significant in predicting better outcomes for
CEA and AAA procedures, it was not associated with
outcomes for LEAB.
Vascular certification remained a significant pre-
dictor of better outcomes for CEA and AAA proce-
dures. Certified surgeons had a 15% lower risk of
death or major complications after CEA (P = .002)
and a 24% lower risk of adverse outcomes after AAA
(P = .009). However, for LEAB procedures, vascu-
lar certification was not significantly associated with
worse outcomes (P = .09).
DISCUSSION
A successful outcome after a surgical procedure is
a complex interaction between hospital characteris-
tics, hospital volume of the procedure being studied,
the surgeon’s experience, and patient characteristics.
Large state databases provide a unique opportunity
to study community practices and trends involving a
large number of patients and surgeons. Most previ-
ous outcome studies in vascular surgery have
focused on hospital volume, hospital characteristics,
and surgeon volume. The intent of this study was
specifically to identify what impact, if any, addition-
al training in vascular surgery had on patients who
underwent standard vascular surgical procedures.
The Florida state database offered identifiers that
could be used to identify the individual surgeon,
and, through the American Board of Medical
Specialities, we were able to identify certified vascu-
lar surgeons. The ultimate goal of the movement for
certification in vascular surgery was to improve
patient care with an emphasis on results and out-
comes. No study to date has been able to provide
these data, nor have any studies been able to provide
a clear estimate of the volume of vascular procedures
performed by certified vascular surgeons. Here we
have found that vascular surgeons comprise only a
small portion of the workforce, and that many vas-
Table III. Carotid endarterectomy procedures in Florida from 1992 to 1996: multiple logistic regression
results for incidence of hospital death, myocardial infarction, or cerebrovascular accident
Relative risk 
Variable Coefficient Standard error t test statistic P value ratio
Constant –1.9819 0.2773 7.15 .0001 –
Year [1992]
1993 0.0543 0.0619 0.88 .3791 1.056
1994 –0.2024 0.0634 3.19 .0015 0.817
1995 –0.3294 0.0631 5.22 .0001 0.719
1996 –0.2203 0.0627 3.51 .0005 0.802
Patient characteristics
Male 0.0398 0.0386 1.03 .3033 1.041
Age (years) 0.0038 0.0023 1.65 .0993 1.004
Emergency admission 0.855 0.0505 16.93 .0001 2.351
Length of stay (days) 0.0801 0.0035 22.92 .0001 1.083
Hospital type [Not for profit]
Government 0.2812 0.0616 4.56 .0001 1.325
Church 0.2651 0.0624 4.25 .0001 1.304
For profit –0.3008 0.0471 6.39 .0001 0.740
Teaching hospital –0.1065 0.0605 1.76 .0787 0.899
Hospital beds –0.1186 0.0429 2.76 .0059 0.921*
CEA admissions/hospital/year –0.0981 0.0301 3.25 .0012 0.934*
Surgeon
CEA admissions/surgeon/year –0.0548 0.0200 2.75 .0061 0.963*
Vascular surgery certification –0.1612 0.0527 3.06 .0023 0.851
CEA, Carotid endarterectomy.
Categories in brackets represent comparison category.
*Relative risk for two-fold increase in cases.
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cular surgical procedures are being performed by
surgeons who perform few vascular surgical proce-
dures annually.
Overall, the stroke rate for CEA in Florida
between 1992 and 1996 was 5.2%. Because the
assumption initially was made that all CVAs repre-
sented perioperative events (rarely would surgery be
performed in the presence of an acute stroke), this
observed rate was probably slightly inflated. Cebul
et al,16 in a review of Ohio State data, found that 9%
of patients were admitted for CEA for the primary
diagnosis of stroke. Thus, the actual stroke rate in
Florida may be as low as 4.8% and may be consistent
with the Ohio data for stroke rate after CEA.
In a number of studies, patient age, hospital vol-
ume, and surgeon volume were important determi-
nants of outcome in patients who underwent CEA. A
statewide review found that for patients who under-
went CEA in high-volume hospitals, the mortality
rate was 0.8%, as compared with 1.9% in low-volume
hospitals. Hospitals were arbitrarily stratified into
low-volume hospitals (10 or fewer cases), moderate-
volume hospitals (11 to 49 cases), and high-volume
hospitals (50 or more cases).2 Here, we found a sim-
ilar correlation between hospital volume and neuro-
logic outcome in a comparison of the high-volume
and low-volume hospitals. The high-volume hospi-
tals reported a 1.8% neurologic complication rate as
compared with 6.1% in low-volume hospitals.
Wennberg et al,16 with the Healthcare Finance
Administration’s Medicare Provider Analysis and
Review File, found that older patients who under-
went CEA between 1992 and 1993 had higher
stroke rates than did younger patients. Also, they
found that institutions that participated in the North
American Symptomatic Carotid Endarterectomy
Trial Collaborators study or the Asymptomatic
Carotid Atherosclerosis Study had the lowest mortal-
ity rates, followed by the high-volume hospitals, aver-
age-volume hospitals, and finally low-volume hospi-
tals. Similarly, Cebul et al17 found that patients who
underwent CEA at high-volume hospitals had a 71%
risk reduction for stroke or death. However, surgeon
volume did not attain significance. In the present
study, there is an inverse relationship between surgi-
cal volume and outcome. Recently, Hannan et al18
Table IV. Lower extremity bypass grafting procedures in Florida from 1992 to 1996: multiple logistic
regression results for incidence of hospital death, myocardial infarction, or cerebrovascular accident
Relative risk 
Variable Coefficient Standard error t test statistic P value ratio
Constant -5.2828 0.3811 13.86 .0001 –
Year [1992]
1993 –0.0960 0.0821 1.17 .2433 0.908
1994 –0.0567 0.0810 0.70 .4841 0.945
1995 –0.1958 0.0845 2.32 .0205 0.822
1996 –0.1418 0.0835 1.70 .0894 0.868
Patient
Male -0.0465 0.0530 0.88 .3791 0.955
Age (yrs) 0.0375 0.0027 13.88 .0001 1.038
Emergency Admission 0.0833 0.0671 12.28 .0001 1.087
Length of Stay (days) 0.0285 0.0023 12.62 .0001 1.029
Procedure ICD–9 (39.25) 0.4856 0.0600 8.09 .0001 1.625
Hospital type [Not for profit]
Government –0.0862 0.0850 1.01 .3127 0.917
Church –0.0870 0.0909 0.96 .3373 0.917
For profit –0.1007 0.0650 1.55 .1215 0.904
Teaching hospital 0.0943 0.0783 1.20 .2304 1.099
Hospital beds -0.0466 0.0665 0.70 .4811 0.968*
LEAB admissions/hospital/year -0.0239 0.0462 0.52 .6032 0.984*
Surgeon
LEAB admissions/surgeon/year -0.1229 0.0293 4.20 .0001 0.918*
Vascular surgery certification 0.1133 0.0671 1.69 .0913 1.120
LEAB, Lower extremity bypass grafting.
Categories in brackets represent comparison category.
*Relative risk for two-fold increase in cases.
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concluded that “in-hospital mortality rates for CEAs
performed by surgeons with extremely low volumes
(< 5) and for hospitals with low volume (< 100) are
significantly higher than the in-hospital rates of high-
er-volume surgeons and hospitals, even after taking
pre-procedural patient severity into account.” Rather
than categorize surgical volume as a categorical vari-
able, a decision was made to assess this variable as a
continuous one. With this technique, a doubling of
case volume reduced the risk of an adverse event
associated with CEA by 4%. With all other variables
held constant, this observation means that the prob-
ability of an adverse event decreases from 3.7% to
3.6% when comparing a surgeon who performs 30
CEAs per year with one performing 60 CEAs per
year. In addition, added certification was associated
with a 15% lower risk of an adverse event after CEA.
With the same analogy, the rate of adverse events in
comparing a certified surgeon with a non-certified
surgeon is 3.7% versus 4.3%. Even at high volumes,
certified surgeons have better outcomes when com-
pared with their non-certified counterparts (Fig 1).
Between 1992 and 1996, there was a dramatic
increase in the number of CEA procedures per-
formed. The increase in the number of CEA proce-
dures performed is related to the publication of the
Asymptomatic Carotid Atherosclerosis Study. This
increase in volume has been reported by other
investigators who also studied CEA quality of care
during a similar interval. Holloway et al12 found
that, even with the decrease in the length of stay,
quality of care was maintained. There was no
change in the number of patients transferred to dif-
ferent institutions or the number of readmissions
during the study period. Overall, Holloway et al12
found inpatient mortality rates ranging from 0.22%
to 0.8% in a 3-year period. In this study, length of
stay was found to be an adverse determinant of out-
come. As would be expected, patients who sus-
tained a major complication had a longer hospital-
ization time. Further, surgeons with high volumes
were found to have lower mortality rates and costs.
Thus, hospital size, volume of CEAs performed in
that hospital, surgeon caseload, and certification in
vascular surgery are all important determinants of
successful outcome after CEA.
Table V. Unruptured aortic aneurysm procedures in Florida from 1992 to 1996: multiple logistic regres-
sion results for incidence of hospital death, myocardial infarction, or cerebrovascular accident
Relative risk 
Variable Coefficient Standard error t test statistic P value ratio
Constant -6.8275 0.5662 12.06 .0001 –
Year [1992]
1993 –0.0474 0.1055 0.45 .6528 0.954
1994 0.0235 0.1052 0.22 .8259 1.024
1995 0.0751 0.1058 0.71 .4779 1.078
1996 –0.2034 0.1095 1.86 .0632 0.816
Patient
Male -0.3528 0.0785 4.5 .0001 0.703
Age (years) 0.0553 0.0048 11.53 .0001 1.057
Emergency admission 1.2528 0.0838 14.96 .0001 3.500
Length of stay (days) 0.0251 0.0032 7.85 .0001 1.025
Hospital type [Not for profit]
Government 0.1644 0.1070 1.54 .1239 1.179
Church –0.1898 0.1240 1.53 .1263 0.827
For profit 0.0104 0.0827 0.13 .8966 1.010
Teaching hospital 0.0615 0.1073 0.57 .5688 1.063
Hospital beds -0.1645 0.0835 1.97 .0491 0.892*
AAA admissions/hospital/year -0.1900 0.0529 3.59 .0003 0.877*
Surgeon
AAA admissions/surgeon/year -0.1547 0.0410 3.77 .0002 0.898*
Vascular surgery certification -0.2642 0.1012 2.61 .0092 0.768
AAA, Abdominal aortic aneurysm repair.
Categories in brackets represent comparison category.
*Relative risk for two-fold increase in cases.
An analysis of the mortality and morbidity rates
after surgery for nonruptured AAAs revealed several
important findings. As with previous studies, male
patients tended to have better outcomes than did
female patients. This may be related to age, as sug-
gested by Katz and colleagues.19 Emergency admis-
sion also had an adverse impact on outcome. The
most important determinants of successful outcome,
however, were the size of the hospital, the number of
cases performed for nonruptured AAAs in that hospi-
tal per year, and surgeon volume and certification.
Many studies have shown this inverse relationship
between high-volume hospitals and mortality rates in
patients who underwent surgery for aortic aneurysms.
A similar finding is made here and, with doubling of
hospital cases, there is nearly an 11% reduction in
postoperative mortality and complication rates. This
study is similar to the study by Kazmers et al,20 who
differentiated high-volume hospitals as those in which
more than 31 aortic aneurysm procedures were per-
formed per year. They found the difference in mortal-
ity rate to be 4.2% versus 6.7%. They also found that
hospital mortality rate was associated with the number
of coded comorbid conditions.
Perhaps the most important study in the treat-
ment of AAAs is that of Hannan et al,1 who studied
the surgical repair of aortic aneurysms in New York
state from 1985 to 1987. Hospital volume was an
important determinant of death after the surgical
repair of nonruptured aneurysms as opposed to rup-
tured aneurysms in which physician volume was a
more important determinant. Hannan and colleagues
were not able to identify board-certified surgeons but
did find that surgeons who tended to specialize in
operations of the aorta and other vascular procedures
represented the surgeons with high volumes in New
York. There was a direct correlation between the
number of aneurysms repaired and the number of vas-
cular procedures performed. Furthermore, the study
by Hannan et al1 and a study by Ouriel and associ-
ates21 showed a distinct difference in mortality rates
for ruptured aneurysms when comparing vascular sur-
geons with general surgeons. The mortality rate for
vascular surgeons was 51% versus 69% for general sur-
geons for patients with ruptured AAAs. In the present
study, we found a relationship between surgeon vol-
ume and certification and the successful outcome of
nonruptured AAAs. With the doubling of volume,
there is an 11% reduction in mortality or complication
rates, and vascular certification was associated with a
24% lower risk rate. Thus, surgeon volume, hospital
volume, and certification play an important role in
determining outcome after AAA repair.
Surgeons with high volumes have better outcomes
than do surgeons with low volumes in regards to
stroke, death, and MI after LEAB. However, special-
ization did not seem to improve outcome.11 From
this database, it was not possible to accurately charac-
terize indications for LEAB (limb salvage vs claudica-
tion) and, therefore, it would be impossible to deter-
mine quality of care on the basis of amputation rates.
In Hertzer’s study,10 surgeons with higher volumes
had lower amputation rates. In addition, some vascu-
lar surgeons may refer amputations to orthopedic sur-
geons. These amputations thus would be undetected
in this study. And finally, a high primary amputation
rate is not detected in this survey.
As with large Medicare databases, there are many
important limitations to this analysis, the most
important of which is the inability to control for asso-
ciated clinical variables that may adversely affect out-
come. ICD-9 diagnosis and procedure codes are not
always accurate and may be either underrepresented
or upcoded for decedents versus survivors.14,15 One
specific concern of risk adjusting for severity of illness
is that complications are frequently coded as comor-
bidities. When this is done, patients with complica-
tions then will be considered in retrospect as patients
at high risk. Until a detailed, accurate prospective
severity of illness scoring system is developed, chart
reviews are necessary to adjust for severity of illness.
In addition, the quality of this database can be ques-
tioned. This database was screened for gross errors
and deletions by the state agency. No on-site audit
was performed. However, the observations do not
appear to be the result of a systematic error, which
would favor one group of surgeons or hospitals over
another. We also reviewed the database for miscodes
for surgeons with only a single discharge for a given
procedure in a given year. The analysis was per-
formed with and without these surgeons, and there
was no difference in the results.
This study also provides important information on
the vascular surgical caseload performed by certified
vascular surgeons. In the report of the Taskforce on
Vascular Surgical Manpower, it was estimated that
“vascular surgeons” perform 51% of all vascular proce-
dures.11 A vascular surgeon was defined as either a
member of one of the national or regional vascular
societies or a surgeon certified by the American Board
of Surgery for added qualifications in general vascular
surgery. Although 2732 vascular surgeons thus were
identified and surveyed, there was only a 57% response
rate. From these data, it was extrapolated that 51% of
all vascular cases were performed by vascular surgeons
in 1992. In Florida in 1992, there were 48 certified
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vascular surgeons. This number grew by 29% to 62
surgeons in 1996. In 1992, these vascular surgeons
(6% of the workforce) performed 18% of CEAs, 20%
of LEABs, and 17% of AAA repairs. In 1996, certified
vascular surgeons (10% of the workforce) performed
24% of CEAs, 28% of LEABs, and 23% of AAA repairs
(Fig 5). The increase in caseload occurred for surgeons
performing CEAs. Throughout the study, there was a
general decrease in the number of surgeons perform-
ing all vascular surgical procedures. In 1991, 728 sur-
geons were performing LEABs, whereas in 1996, 541
were performing such operations. We found that a
large number of surgeons performed few vascular sur-
gical procedures annually. In 1996, 283 surgeons per-
formed five or less CEAs. Similar trends could be seen
for the other vascular procedures. In addition, the total
number of hospitals performing vascular procedures
also decreased slightly. Undoubtedly, this reflects the
consolidation and closure of hospitals (particularly
small ones—city and rural).
In conclusion, vascular surgery is best performed
in hospitals that have high volumes by surgeons who
have performed the operations frequently and have
added qualifications in general vascular surgery. The
data are particularly compelling for CEAs and AAA
repair. For LEABs, the data suggest that only surgeon
volume is the important determinant in the rates of
MI, CVA, and death. However, limb salvage was not
considered in this study. The implication for improve-
ment of healthcare for patients who require vascular
surgery would be to increase the number of certified
vascular surgeons and to direct patients to surgeons
with excellent outcomes. In such studies, it is difficult
to separate whether practice makes perfect or whether
selective referral is the determinant of improved out-
comes. Obviously, surgeons who have excellent
results have a large referral base. However, in man-
aged care environments where referrals may be guid-
ed, it is important that these procedures be referred to
physicians who are well trained and frequently per-
form the procedures.
REFERENCES
1. Hannan EL, Kilburn H Jr, O’Donnell JF, et al. A longitudi-
nal analysis of the relationship between in-hospital mortality in
New York State and the volume of abdominal aortic aneurysm
surgeries performed. Health Serv Res 1992;27:517-42.
2. Perler BA, Dardik A, Burleyson GP, Gordon TA, Williams
GM. The influence of age and hospital volume on the results
of carotid endarterectomy: a state-wide analysis of 9918
cases. J Vasc Surg 1998;27:25-33.
3. Luft HS, Hunt SS, Maerki SC. The volume-outcome rela-
tionship: practice-makes-perfect or selective-referral patterns?
Health Serv Res 1987;22:157-82.
4. Kazmers A, Jacobs L, Perkins A, Lindenauer SM, Bates E.
Abdominal aortic aneurysm repair in Veteran Affairs medical
centers. J Vasc Surg 1996;23:191-200.
5. Manheim LM, Sohn M-W, Feinglass J, Ujiki M, Parker M,
Pearce WH. Hospital vascular surgery volume and procedure
mortality rates in California, 1982-1994. J Vasc Surg 1998;
28:45-58.
6. Sosa JA, Bowman HM, Tielsch JM, Powe NR, Gordon TA,
Udelsman R. The importance of surgeon experience for clin-
ical and economic outcomes from thyroidectomy. Ann Surg
1998;228:320-30.
7. Sosa JA, Bowman HM, Gordon TA, Bass EB, Yeo CJ, Lillemoe
KD, et al. Importance of hospital volume in the overall man-
agement of pancreatic cancer. Ann Surg 1998;228:429-38.
8. Richardson JD, Main KA. Carotid endarterectomy in the
elderly population: a statewide experience. J Vasc Surg 1989;
9:65-73.
9. Segal HE, Rummel L, Wu B. The utility of PRO data on sur-
gical volume: the example of carotid endarterectomy. Qual
Rev Bull 1993;19:152-7.
10. Hertzer NR. Outcome asessment in vascular surgery—results
mean everything. J Vasc Surg 1995;21:6-15.
11. Stanley JC, Barnes RW, Ernst CB, Hertzer NR, Mannick JA,
Moore WS. Vascular surgery in the United States: workforce
issues—report of the Society for Vascular Surgery and the
International Society for Cardiovascular Surgery, North
American Chapter, Committee on Workforce Issues. J Vasc
Surg 1996;23:172-81.
12. Holloway RG, Witter DM, Mushlin AI, Lawton KB,
McDermott MP, Samsa GP. Carotid endarterectomy trends
in the patterns and outcomes of care at academic medical
centers, 1990 through 1995. Arch Neurol 1998;55:25-32.
13. Deyo RA, Cherkin DC, Ciol MA. Adapting a clinical comor-
bidity index for use with ICD-9-CM administrative databas-
es. J Clin Epidemiol 1992;45:613-9.
14. Iezzoni LI, Ash AS, Shawartz M, Daley J, Hughes J,
Mackiernan YD. Judging hospitals by the severity-adjusted
mortality rates: the influence of the severity adjustment
method. Am J Public Health 1996;86:1379-87.
15. Iezzoni LI, Foley SM, Daley J, Hughes J, Fisher ES, Heeren
T. Comorbidities, complications, and coding bias: does the
number of diagnosis codes matter in predicting in-hospital
mortality? JAMA 1992;267:2197-203.
16. Cebul RD, Snow RJ, Pine R, Hertzer NR, Norris DG.
Indications, outcomes, and provider volumes for carotid
endarterectomy. JAMA 1998;279:1282-7.
17. Wennberg DE, Lucase FL, Birkmeyer JD, Bredenberg CE,
Fisher ES. Variation in carotid endarterectomy mortality in
the Medicare population. JAMA 1998;279:1278-81.
18. Hannan EL, Popp AJ, Tranmer B, Fuestel P, Waldman J,
Shah D. Relationship between provider volume and mortali-
ty for carotid endarterectomy in New York State. Stroke
1998;29:2292-7.
19. Katz DJ, Stanley JC, Zelenock GB. Gender differences in
abdominal aortic aneurysm prevalence, treatment, and out-
come. J Vasc Surg 1997;25:561-8.
20. Kazmers A, Jacobs L, Perkins A, Lindenauer SM, Bates E.
Abdominal aortic aneurysm repair in Veterans Affairs medical
centers. J Vasc Surg 1996;23:191-200.
21. Ouriel K, Geary K, Green RM, Fiore W, Geary JE, DeWeese
JA. Factors determining survival after ruptured aortic
aneurysm: the hospital, the surgeon and the patient. J Vasc
Surg 1990;11:493-6.
Submitted Sep 24, 1998; accepted Jan 21, 1999.
JOURNAL OF VASCULAR SURGERY
Volume 29, Number 5 Pearce et al 777
Dr William Sawyer (Rockford, Ill). I have two ques-
tions. The first concerns the surgical volume for the sur-
geon and for the hospital. Do you have any data to indi-
cate what happens if the same busy surgeon, who has these
good results, works in a small hospital part time? What are
his results at that hospital, which has a tremendous impact
on nursing care?
The second question has to do with certification. There
must be a certain percentage of surgeons who are fellowship-
trained surgeons. What percentage of those are certified?
Dr William H. Pearce. If a surgeon with a high vol-
ume does surgery in the low-volume hospital, the results
are not as good as they would be for a surgeon with a high
volume in a high-volume hospital.
The answer to your second question is that the certifi-
cation was specific to vascular surgery. Vascular surgeons
with added qualifications were compared with general sur-
geons, cardiac surgeons, and neurosurgeons. There were
68 surgeons in Florida in 1996 who had that added qual-
ification. And they were compared with the other groups.
Dr Joseph Schneider (Evanston, Ill). I could not help
but notice, when you plotted on your slides complication
rate versus volume for both carotids and aneurysms, that
the outliers with high complication numbers and high vol-
ume were all red colored marks. I interpret this to mean
that there are some high-volume, noncertified surgeons
with high complication rates despite their high volumes
and that certified surgeons with high volume all have low
complication rates for these operations. What happens if
you remove those noncertified outliers? Do the remaining
noncertified surgeons have equivalent rates of morbidity
and mortality to certified surgeons for a given volume?
Dr Pearce. I did not take out those outliers, but that is
probably true. You saw those outliers in both the carotid
endarterectomies and the adominal aortic aneurysm
repairs—that is correct.
Dr Walter McCarthy III (Chicago, Ill). That is a great
data set. It is a great example of how you can use claims base
data to answer important questions. I was looking at the
patients for lower extremity bypass grafting, where you did
not show that there was any difference between the certified
surgeons and those who were not for the end points of
death, myocardial infarction, or stroke. I am not surprised
by these results. I wonder if the amputation rate would be
a better endpoint and if you had a chance to look at ampu-
tation rate by current procedural terminology code?
Dr Pearce. That is a good question. We did look at
amputation rate by current procedural terminology code.
Basically, the rates showed that vascular surgeons did
worse. That is a difficult problem and a good point for dis-
cussion. We have tried to identify where quality could be
picked up in the lower extremity bypass grafting proce-
dures. In Chicago, we took all hospitals in which amputa-
tions and bypass grafting procedures were performed and
got a ratio. And we found that some hospitals have a high
number of amputations and very few bypass grafting pro-
cedures. Because there is the option to do an amputation
first, quality of care differences will not be able to be accu-
rately determined. Also, we tried to look at whether or not
the indications were limb salvage versus claudication and
then compare that with amputation. What we found in the
Florida database was tremendous variation in the coding
over the period studies. For 1 year, gangrene was the indi-
cation for surgery in about 20% of lower extremity bypass
grafting procedures and 5% the next year. With so much
variation in that coding, we could not use these data.
Dr John Blebea (Hershey, Pa). I also enjoyed the pre-
sentation and have a couple of questions.
Did you have any difficulty with ICD-9 codes?
Specifically, during this period of approximately 5 or 6
years, there has been a progressive expansion and changes
in these codes. How did you try to adjust for this factor
when analyzing the data?
Secondly, did you try to examine the indications for
these procedures? With carotid endarterectomy as an
example, were the complication rates for different subsets
of surgeons different because their indications were not
the same? Along similar lines, you mentioned several times
“risk-adjusted complication rates.” How did you do risk
adjustment for outcomes?
Dr Pearce. The indication question is probably best
answered in the paper written by Hertzer,10 in which he
was able to do a chart review. Certainly, there is a differ-
ence between outcomes if the indications are stroke or
asymptomatic or transient ischemic attacks. That was not
looked at here, again because of variations in coding.
To answer the question about the ICD-9 variations,
we just looked at the flatness or smoothness of the data
that we had and it was relatively consistent over the years,
except in 1994, when you saw the big change in carotid
endarterectomies. So, I believe that the ICD-9 coding we
had for those earlier periods was consistent.
The risk adjustment problem is large. That data set in
Florida had a risk adjustment part to it, and it was devel-
oped by the Rand Corporation. If you have a complica-
tion, your patient, by definition, is placed in a high-risk
group. Therefore, every patient who has a complication is
high risk. That is okay for studying the economics, but, for
trying to risk adjust, this study is of no value. We risk
adjusted for diabetes, and, interestingly, diabetes is rela-
tively protected. The reason for this is that if a patient has
lots of complications, he is going to have 10 or 15 ICD-9
codes, as opposed to the person who comes in and goes
right out. So, the chronic illnesses tend in some series to
be protected because that is the only thing that is listed in
patients with uncomplicated conditions.
Dr Norman Hertzer (Cleveland, Ohio). Dr Pearce
has asked me to briefly review an ongoing project in Ohio
that concerns carotid endarterectomy and that presently is
being conducted by our state Peer Review Organization.
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First, a baseline 30-day postoperative stroke and mortality
rate was determined with a retrospective review of 678
representative patient charts because only the mortality
rate can be determined with any accuracy from charge data
alone. Surgical outcome then was analyzed according to
whether hospitals performed above or below the median
annual number of carotid endarterectomies within the
Medicare population from 1993 to 1994. The overall
stroke and mortality rate was 4.9%, but there was a signif-
icant difference in the risk for these complications between
low-volume and high-volume hospitals (7.4% vs 2.4%; P <
.05). On multivariate analysis, only four features signifi-
cantly influenced the stroke and mortality rate for carotid
endarterectomy in Ohio: a history of previous neurologic
symptoms, angina pectoris, an elevated serum creatinine
level, and the hospital volume.16
This project now is being extended into a prospective
study in which about 85 of approximately 115 Ohio hos-
pitals in which carotid endarterectomy is performed have
agreed to participate. One of the liabilities faced by state
peer review organizations is that they apparently cannot
compel hospitals to participate in prospective outcome
assessment. They can only ask for volunteers, and this can
leave a big gap in the data.
I have a question. It was not too long ago that an arti-
cle was published from Maryland2 that indicated that
carotid endarterectomy was so exceptionally safe in that
state that it almost boggled the imagination. Did you col-
lect your data in the same way that it was done in Maryland,
or did you take some other approach? What do you think of
the Maryland data in comparison with your own?
Dr Pearce. As you know, the stroke death rate in
Florida—inflated because of the assumption we made—
was 5.3%. You can assume that there is maybe a 10% infla-
tion, and, therefore, the stroke rate is around 4.8%. In
Maryland, it was 1.8%, which is exceptional. I cannot
explain the low stroke rate found in Maryland, unless a
large number of cases were excluded in the review process.
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